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International, National, and Provincial 

Assessment Results 
• Knowing what is being measured. 

• Going beyond ‘bragging’ rights. 

• Interesting achievement trends across Canada 
and within regional jurisdictions. 

• STEM programs and promising efforts for 
indigenous students. 

• Secondary analyses of 2015 PISA results for all 
participating agencies (time available). 
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1a. Disciplinary Literacy — Science as 

Examples 
• Traditional definitions focused on disciplinary 

‘knowledge’ (e.g., TIMSS—based on curriculum 
coverage prior to target age groups). 

• Other definitions stress ‘applications’ (e.g., 
PISA—based on the needs of 21st century 
citizens). 

• 3-part interactive definition promotes 
knowledge, fundamental abilities, and 
engagement in relevant issues/problems to 
produce sustainable solutions, enhance 
citizenship, and open career opportunities. 
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1b. Interacting Senses of Science 

Literacy: Cognitive Symbiosis (Yore, Pimm, & 

Tuan, 2007) 

Fundamental Sense 

• Cognitive and Metacognitive 
Abilities 

• Critical/Creative Thinking 

• Habits of Mind/Practices 

• Language Arts/Argumentation 

• Mathematics 

• Information and Communication 
Technologies 

Derived Sense 

• Understanding of the Core Ideas, 
Cross-cutting Concepts of Science 

• Nature of Science 

• Scientific Inquiry and 
Technological Design 

• Relationships between and among 
Science, Technology, Society, and 
Environment (STSE) 
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Applied Sense 
Applied to and engaged in the public consideration of socioscientific/STSE 
issues to produce evidence-based decision, sustainable solutions, enhance 

citizenship, and open opportunities for science careers. 



1c. Interacting Senses of Mathematics 

Literacy: Cognitive Symbiosis (Yore et al., 2007) 

Fundamental Sense 

• Cognitive and Metacognitive 
Abilities 

• Mathematical Thinking and 
Quantitative Reasoning 

• Habits of Mind 

• Language of Mathematics 
(including proofs and 
arguments) 

• Information and 
Communication Technologies 

Derived Sense 

• Understanding of the Big Ideas, 
Strands, and Sub-strands of 
Mathematics 

• Nature of Mathematics 

• Knowledge about Problem 
Solving 

• Real-world Problems 
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Applied Sense 
Applied to real-world problems and meeting needs of people. 



1d. Interacting Senses of Technology/ 

Engineering Literacy: Cognitive Symbiosis 
(Yore, 2011) 

Fundamental Sense 

• Cognitive and Metacognitive 
Abilities 

• Critical/Creative Thinking 

• Habits of Mind/Practices 

• Language Arts/Argumentation 

• Mathematics 

• Information and 
Communication Technologies 

Derived Sense 

• Understanding of the Big Ideas of 
Technology/Engineering 

• Nature of Technology/ 
Engineering 

• Technological Design 

• Designed World and Limitations 

• Relationships between and 
among Science, Technology, 
Society, and Environment (STSE) 
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Applied Sense 
Applied to modifying the environment to resolve real-world problems and 

meet needs of people within material, safety, and financial limitations. 



1e. Evidence of Potential Cognitive 

Symbiosis in Reading, Mathematics, 

and Science (Anderson, Chiu, & Yore, 2010; Milford, 2009) 

2000–2009 student level correlations of reading, 
mathematics, and science literacies for PISA — 
61–77% of variance 

 
       

 2000 2003 2006 2009 

Reading – Mathematics 0.80 0.78 0.80 0.78 

Reading – Science  0.85 0.82 0.85 0.83 

Mathematics – Science  0.88 0.82 0.88 0.87 
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2.  Canadian Students’ Performance on 

the 1st and 2nd Cycles of PISA 

• Canada generally above OECD average. 
 

• Canadian Rankings (# of participating agencies): 
2000 (43) Reading 2nd, Mathematics 6th, Science 5th 

2003 (41) Reading 3rd, Mathematics 3rd, Science 11th 

2006 (57) Reading 4th,Mathematics 7th, Science 3rd 

2009 (65) Reading 6th, Mathematics 9th, Science 8th 

2012 (65) Reading 12th, Mathematics 15th, Science 13th 

2015 (72) Reading tied 2nd, Mathematics 9th, Science 7th 
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3. Interesting Trends Across and Within 

Jurisdictions 
• Alberta, BC, Ontario, and Québec frequently performed 

above Canada average for 2015 PISA results, but 
 Manitoba, Newfoundland and Labrador, and Saskatchewan 

performed below the OECD average in mathematics. 
 Nova Scotia, Prince Edward Island, New Brunswick, 

Newfoundland and Labrador, Manitoba, and Saskatchewan 
had 6–10% of students in high performance levels. 

• No significant difference between overall averages for 
the two language systems or in New Brunswick and BC, 
but significant differences were found in all other 
provinces favoring the majority-language students. 

• Reasonably low school-level variance of ~20% (0.16–
0.26), compared to 6% for Iceland and 63% for The 
Netherlands. 
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3. Interesting Trends (continued) 

• National reading, science, and mathematics tests data 
on 13-year-old students from across 10 provinces and the 
Yukon Territory revealed gaps in reading favoring 
females and in reading, science, and mathematics 
favoring non-indigenous-status students. 

• Secondary analyses of the BC test data for Grades 4 and 
7 revealed gender and indigenous status differences in 
reading, writing, and mathematics performance favoring 
females and non-indigenous students. 

• The Fraser Institute reported that BC urban elementary 
schools outperformed their rural counterparts and that 
private secondary schools outperformed public 
secondary schools. 
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3. Interesting Trends (continued) 

• BC participation rates of indigenous students are 
highest for Biology 11 & 12, and lowest in Physics 11 
& 12 and Chemistry 11 & 12; but all rates are low 
compared to non-indigenous students. 

• Analyses of BC course grades for Grades 10, 11, and 
12 revealed consistent achievement gaps (2.3–
28.1%) favoring non-indigenous students. 

• Achievement gaps for BC indigenous students in 
mathematics seem to be the most critical in terms of 
barriers to advanced studies in STEM. 
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4a. Science, Technology, Engineering, 

and Mathematics (STEM) in Canada 

• No formal provincial or territorial curricula, but 
some schools and informal education agencies 
are moving on their own. 

• Some implementations amount to nothing more 
than the 4 disciplines taught in ‘silos’ under the 
STEM umbrella. 
 The value of STEM is in the synergetic effects of 

these disciplines acting as an integrated whole. 

• There is some ‘push back’ from academics to 
STSE and STEM programs. 
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4b. Indigenous Students 

• Low participation in K–12 STEM courses for 
First Nations, Métis, and Inuit (FNMI) students. 

• Indigenous students’ performance in science and 
mathematics has been below national and 
provincial/territorial averages, but there are 
promising examples of re-engagement with 
education. 
 Report of the Truth and Reconciliation 

Commission of Canada (2015) identifies 
education as a priority action for FNMI 
communities. 
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4c. Promising Cases Studies of 

Indigenous Projects 

• Sooke School District #62 — Graduation rates 
increased from 38% to 73% (2008–2013). 

• Heiltsuk First Nation (Bella Bella, BC) — Pacific Wild 
Program: Supporting emerging aboriginal stewards 
(Neill, 2014). 

• University of Victoria — Faculty of Engineering: 
Aboriginal connections with computing, engineering, 
and software systems (search Yvonne Coady or Ulrike 
Stege). 

• SeaChange Marine Conservation Society — 
Restoration of Saanich Inlet in the Salish Sea: Giving 
voice to traditional ecological knowledge and wisdom 
(TEKW; Wright et al., 2011). 
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4d. Strategies to Address STEM 

Achievement Gaps 

• Effort to form consensus definitions of STEM and STEM 
literacy at the citizenship and elite levels. 

• Research agenda to establish evidence for best 
practices—More case studies, meta-analyses/meta-
syntheses, and ‘Gold Standard’ experimental studies. 

• Establish policies, curricula, and practices that provide 
quality learning opportunities to ‘all’ students. 

• Develop leadership in K–12 amongst all stakeholders. 
• Utilize local views of nature and naturally occurring 

events (including TEKW). 

15 



Recent References with Canadian 

Content 

• Canadian Journal of Mathematics, Science, & 
Technology Education, (2016), 16(2): Emerging 
Conceptions of Science, Technology, Engineering, and 
Mathematics (STEM) Education (Citations and Abstracts 
posted on http://achievestem.hsoc.gatech.edu/) 

 

• International Journal of Science and Mathematics 
Education, (2017), 15(S1): STEM for the future and the 
future of STEM (Citations and Abstracts posted on 
http://achievestem.hsoc.gatech.edu/) 
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5. Secondary Analyses of PISA 2015 
(Schleicher, 2017) 

• Highest Performance and Equity: Macao, Hong Kong, 
Japan, Finland, Vietnam, Canada, Korea, Australia, United 
Kingdom, Denmark, USA. 

• School Spending:  >$60,000/student in schools (age 6–15 
years) makes little difference on science achievement but 
<$60K does. 

• Enjoyment of Science: Associated with high science career 
expectation—Direct relationship. 

• Hidden Gender Differences: 
 Males outperform females in the top performance group (level 6). 
 Females outperform males in the bottom performance group (level 

1). 

• Multiple Outcomes: Performance, epistemic beliefs, and 
career expectations (next slide). 
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Singapore 
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(Schleicher, 2017) 



5. Continued—Actions to Address 

Achievement (Schleicher, 2017) 

• Negative return on invested study time (ROIST)—
Making study time productive in terms of time, place, 
and resources (consider: flipped classroom, type of 
assignments, involvement of family deliberations on 
relevant issues, etc.). 

• Memorization is less productive as problems 
engaged become more difficult and complex. 

• Elaboration is more productive as problems become 
more difficult. 

• Student-centered instruction leads to better 
engagement and views of science careers, while 
teacher-directed instruction leads to better 
achievement. 
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5. Continued—Actions to Address 

Achievement (Schleicher, 2017) 

• High impact-Low feasibility (capacity at point of 
delivery, coherence), Middle feasibility 
(commitment to universal achievement, learning 
system), and High feasibility (resources where 
they yield most, incentive structures, and 
accountability). 

• Low impact-Low feasibility (none), Middle 
feasibility (none), and High feasibility (gateways, 
instructional systems—ambitious goals, well-
established delivery chain, and metacognitive 
content of instruction). 
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